Inflammasomes are multiprotein complexes that serve as platforms for the activation of caspase-1, which leads to the processing and secretion of interleukin 1β (IL-1β) and IL-18 and to the induction of pyroptosis, a form of programmed inflammatory cell death 1 . The NLRP3 inflammasome is activated in macrophages by a two-step process that involves priming through the activation of pathways that activate the transcription factor NF-κB before or simultaneously with exposure to a second NLRP3-specific trigger such as extracellular ATP, alum or the pore-forming toxin nigericin. Upon activation, NLRP3 and the adaptor ASC move from their positions at the endoplasmic reticulum and mitochondria, respectively, to form a complex at the perinuclear region, an event dependent on microtubule polymerization, acetylation of α-tubulin, and dynein-mediated transport of mitochondria from the periphery 2-4 . This complex recruits pro-caspase-1, which results in the activation of caspase-1.
Inflammasomes are multiprotein complexes that serve as platforms for the activation of caspase-1, which leads to the processing and secretion of interleukin 1β (IL-1β) and IL-18 and to the induction of pyroptosis, a form of programmed inflammatory cell death 1 . The NLRP3 inflammasome is activated in macrophages by a two-step process that involves priming through the activation of pathways that activate the transcription factor NF-κB before or simultaneously with exposure to a second NLRP3-specific trigger such as extracellular ATP, alum or the pore-forming toxin nigericin. Upon activation, NLRP3 and the adaptor ASC move from their positions at the endoplasmic reticulum and mitochondria, respectively, to form a complex at the perinuclear region, an event dependent on microtubule polymerization, acetylation of α-tubulin, and dynein-mediated transport of mitochondria from the periphery [2] [3] [4] . This complex recruits pro-caspase-1, which results in the activation of caspase-1.
Here, forward genetic analysis of inflammasome activation in C57BL/6J mice revealed NEK7, one of eleven NEK kinases present in vertebrates, as a component of the NLRP3 inflammasome in macrophages. NEK7 has also been linked to the formation of mitotic spindles and the separation of centrosomes (with NEK6 and NEK9) [5] [6] [7] [8] [9] , to abscission during cytokinesis 8, 10, 11 and to the regulation of interphase centrosomes 12 . Our findings suggest that activation of the NLRP3 inflammasome and mitosis cannot occur simultaneously, in part because the quantity of NEK7 present in macrophages is sufficient for only one or the other. Thus, NEK7 acts as a switch between mitosis and competence for inflammasome activation, both of which require NEK7.
RESULTS
A Nek7 mutation impairs NLRP3 inflammasome activation To identify regulators of NLRP3-mediated inflammation, we carried out a forward genetic screen in which we isolated macrophages from C57BL/6J mice carrying homozygous and heterozygous N-ethyl-N-nitrosourea-induced mutations and assessed the secretion of IL-1β from the cells in response to priming with lipopolysaccharide (LPS) followed by stimulation with nigericin (except where indicated otherwise, peritoneal macrophages were used throughout this study). We screened 16,816 G3 mice derived from 811 G1 grandsires bearing 49,590 non-synonymous mutations within the coding regions or splice junctions of 15,927 genes. We tested 16,328 mutations in 9,499 genes three or more times in the homozygous state; these included one or more putative null alleles of 924 genes. Among the phenovariants detected, several mice from a single pedigree displayed diminished IL-1β secretion by macrophages ( Fig. 1a) . We called this phenotype 'Cuties' .
To identify the Cuties (Cu) mutation, we sequenced coding exons and flanking splice junctions in genomic DNA from the G1 grandsire of the Cuties pedigree 13 . We found 79 mutations with 97% coverage of target sequences at ten or more reads. We genotyped each of the 79 mutation sites in G3 mice of the Cuties pedigree and found that a mutation in Nek7 showed strongest linkage with the Cuties phenotype, The NLRP3 inflammasome responds to microbes and danger signals by processing and activating proinflammatory cytokines, including interleukin 1b (IL-1b) and IL-18. We found here that activation of the NLRP3 inflammasome was restricted to interphase of the cell cycle by NEK7, a serine-threonine kinase previously linked to mitosis. Activation of the NLRP3 inflammasome required NEK7, which bound to the leucine-rich repeat domain of NLRP3 in a kinase-independent manner downstream of the induction of mitochondrial reactive oxygen species (ROS). This interaction was necessary for the formation of a complex containing NLRP3 and the adaptor ASC, oligomerization of ASC and activation of caspase-1. NEK7 promoted the NLRP3-dependent cellular inflammatory response to intraperitoneal challenge with monosodium urate and the development of experimental autoimmune encephalitis in mice. Our findings suggest that NEK7 serves as a cellular switch that enforces mutual exclusivity of the inflammasome response and cell division. by a semidominant model of transmission (−log 10 P value (nonlinkage) = 4.938) ( Fig. 1b) . The mutation, a T-to-A transversion at position 138,544,242 (GRCm38 assembly of the mouse genome) on chromosome 1 was predicted to cause substitution of a premature stop codon for the cysteine at position 53 of the 302-amino acid NEK7 protein. We detected no NEK7 protein in Nek7 Cu/Cu macrophages, consistent with nonsense-mediated decay of the transcript (Fig. 1c) .
Nek7 +/Cu mice seemed to be normal and showed no internal anatomical abnormalities (data not shown). At birth, Nek7 Cu/Cu mice were similar in size to their littermates, but by 2 months of age, they weighed on average 30% less than their Nek7 +/+ or Nek7 +/Cu siblings (data not shown). Nek7 Cu/Cu mice had an abnormal gait and slight paresis of the limbs and were infertile (data not shown). Consistent with a published report 11 , crosses of heterozygous mutant mice (on the C57BL/6J background) revealed non-Mendelian transmission ratios of the mutation, with Nek7 +/+ , Nek7 +/Cu and Nek7 Cu/Cu mice representing 34.9%, 60.4% and 4.7%, respectively, of the offspring at birth.
Further analysis demonstrated less production of IL-1β by LPS-primed Nek7 Cu/Cu macrophages stimulated with ATP or alum than by their Nek7 +/+ counterparts ( Fig. 1d) . We obtained similar results with bone marrow-derived macrophages and bone marrow-derived dendritic cells ( Supplementary Fig. 1a,b) . NLRP3-dependent production of IL-18 and pyroptosis were also impaired in LPS-primed Nek7 Cu/Cu macrophages stimulated with nigericin, ATP or alum ( Fig. 1e,f) . The IL-1β and IL-18 responses of Nek7 Cu/Cu and Nek7 +/Cu macrophages to infection with Escherichia coli or Citrobacter rodentium, mediated by non-canonical caspase-11-dependent NLRP3 signaling 14 , were defective ( Fig. 1d,e) ; however, the programmed death response that is independent of NLRP3 but dependent on caspase-11 was normal (Fig. 1f) . The production of IL-1β and IL-18 and release of lactate dehydrogenase were significantly different in unstimulated Nek7 Cu/Cu macrophages versus stimulated Nek7 Cu/Cu macrophages ( Fig. 1d-f) , which indicated that the responses of Nek7 Cu/Cu macrophages were severely but not completely impaired. Macrophages from Nek7 +/Cu mice exhibited intermediate production of IL-1β and IL-18 and pyroptosis relative to that of Nek7 Cu/Cu and Nek7 +/+ cells ( Fig. 1d-f ), which confirmed semidominant inheritance of the Cuties phenotype. Time-course analysis of the IL-1β, IL-18 and pyroptosis responses of Nek7 Cu/Cu and Nek7 +/Cu macrophages supported the proposal that these responses were inhibited rather than delayed following stimulation with LPS plus nigericin or with LPS plus ATP ( Supplementary Fig. 1c,d) .
The IL-1β, IL-18 and pyroptosis responses of Nek7 Cu/Cu and Nek7 +/Cu macrophages were similar to those of Nek7 +/+ macrophages after treatment with flagellin or poly(dA:dT), which induce the NLRC4 inflammasome and AIM2 inflammasome, respectively ( Fig. 1d-f ). In addition, the production of tumor-necrosis factor and IL-6 by Nek7 Cu/Cu and Nek7 +/Cu macrophages in response to stimulation of Toll-like receptor 4 (TLR4), TLR2 and TLR6, or TLR7 was normal ( Supplementary Fig. 1e,f) . These findings demonstrated a specific defect in the response of Nek7 Cu/Cu and Nek7 +/Cu mice to activators of the NLRP3 inflammasome.
The frequencies of macrophages, neutrophils, and other major lymphocyte populations were normal in the peripheral blood of Nek7 Cu/Cu and Nek7 +/Cu mice (Supplementary Fig. 2a ). In addition, A r t i c l e s colony-forming unit assays showed normal differentiation and proliferation of Nek7 Cu/Cu bone marrow hematopoietic stem cells and myeloid progenitor cells in response to treatment with macrophage colony-stimulating factor (Supplementary Fig. 2b ).
The recruitment of exudate cells, macrophages and neutrophils to the peritoneal cavity in response to intraperitoneal injection of bioactive IL-1β was also normal in Nek7 Cu/Cu mice ( Supplementary  Fig. 2c ). Although depletion of NEK7 via RNA-mediated interference has been reported to result in apoptosis 8 , we observed a similar frequency of apoptotic cells among Nek7 +/+ macrophages and Nek7 Cu/Cu macrophages before or after priming with LPS ( Supplementary Fig. 2d ).
We knocked down endogenous NEK7 via small interfering RNA (siRNA) in the mouse macrophage cell line J774A.1 and observed much less secretion of IL-1β in response to stimulation with nigericin or ATP after priming with LPS, relative to that of NEK7-sufficient J774A.1 cells ( Supplementary Fig. 3a) . Similarly, in HEK293T human embryonic kidney cells reconstituted with functional mouse NLRP3 inflammasomes, siRNA-mediated knockdown of endogenous NEK7 inhibited the secretion of IL-1β in response to stimulation with nigericin or ATP ( Supplementary  Fig. 3b ). A null allele of Nek7 generated by CRISPR (the genomeediting approach based on clustered regularly interspaced short palindromic repeats and the endonuclease Cas9) reproduced the Cuties phenotype in homozygous (Nek7 −/− ) mice ( Supplementary  Fig. 3c) . Notably, in a cultured human monocyte cell line (THP-1) and in primary human monocytes, knockdown of endogenous NEK7 resulted in reduced secretion of IL-1β in response to priming with LPS plus stimulation with nigericin or ATP, relative to that of NEK7-sufficient cells ( Supplementary Fig. 3d,e ), whereas LPSinduced secretion of IL-6 was unaffected by knockdown of NEK7 ( Supplementary Fig. 3f ). These findings indicated that NEK7 was necessary for activation of the NLRP3 inflammasome in mouse macrophages and human monocytes.
Promotion of cellular inflammatory responses by NEK7 in vivo
In vivo, intraperitoneal injection of monosodium urate crystals (MSU) induces NLRP3-dependent recruitment of inflammatory cells to and IL-1β production in the peritoneal cavity. When challenged with MSU, Nek7 Cu/Cu mice showed impaired recruitment of total cells, neutrophils and F4/80 + monocytes-macrophages to the peritoneal cavity relative to that of Nek7 +/+ mice ( Fig. 2a) . Bone marrow chimeras generated by reconstitution of irradiated Nek7 +/+ mice with either Nek7 +/+ bone marrow or Nek7 −/− bone marrow responded similarly to non-chimeric Nek7 +/+ mice and Nek7 Cu/Cu mice, respectively ( Fig. 2b) . MSU-induced secretion of IL-1β, as detected in lavage fluid, was also significantly less in chimeras that received Nek7 −/− bone marrow than in those that received Nek7 +/+ bone marrow ( Fig. 2c) . Thus, NEK7 functioned in the hematopoietic compartment to promote an NLRP3-dependent inflammatory response to intraperitoneal challenge with MSU.
We also investigated whether Nek7 −/− mice were protected against IL-1β-driven inflammatory disease in a model of experimental autoimmune encephalitis (EAE) 15, 16 . Immunization of wild-type mice with recombinant human myelin oligodendrocyte glycoprotein induced EAE, with paralysis and infiltration of the CNS by cells of the immune system (data not shown). Nek7 −/− mice exhibited reduced disease severity relative to that of wild-type mice ( Fig. 2d) , as well as less recruitment of lymphocytes (CD4 + , CD8 + , TCRγδ + or CD19 + B cells), monocytes-microglia, and natural killer cells to the spinal cord ( Fig. 2e) . Thus, NEK7 was necessary for the development of EAE. npg Inflammasome assembly and activation of caspase-1 require NEK7 Mitochondrial generation of reactive oxygen species (ROS), calcium influx, and a decrease in cellular cyclic AMP (cAMP) have been reported to activate the NLRP3 inflammasome 2,17 , although their effects have been disputed 18 . We found that LPS-primed Nek7 +/+ or Nek7 Cu/Cu macrophages underwent induction of similar amounts of mitochondrial ROS after treatment with nigericin ( Fig. 3a) . The ATP-induced influx of calcium into the cytoplasm was also similar in LPS-primed Nek7 +/+ macrophages and Nek7 Cu/Cu macrophages, although intracellular calcium levels decreased more rapidly in Nek7 Cu/Cu macrophages than in Nek7 +/+ macrophages over a 30-minute period after the administration of ATP (Fig. 3b) . cAMP, which might bind directly to NLRP3 to inhibit inflammasome assembly 17 , was more abundant in Nek7 Cu/Cu macrophages than in Nek7 +/+ macrophages after priming with LPS plus stimulation with nigericin, and there was a similar trend toward larger amounts of cAMP in LPS-primed Nek7 Cu/Cu macrophages treated with ATP than in their Nek7 +/+ counterparts (Fig. 3c) .
Thus, activation of the NLRP3 inflammasome might have been partially impaired in the Nek7 Cu/Cu macrophages due to a defective cAMP response in which elevated concentrations of cAMP inhibited inflammasome assembly. Upon activation of NLRP3, ASC oligomerizes and forms a complex with NLRP3 at the perinuclear region 2,19-21 . The expression of NLRP3, ASC, pro-caspase-1 and pro-IL-1β was similar in Nek7 +/+ , Nek7 +/Cu and Nek7 Cu/Cu macrophages primed with LPS ( Fig. 4a) . NEK7 expression was unaffected by LPS priming in Nek7 +/+ or Nlrp3 −/− macrophages (Fig. 4a) . However, after priming with LPS and stimulation with either nigericin or ATP, Nek7 Cu/Cu and Nek7 +/Cu macrophages had less association of NLRP3 with ASC than did their Nek7 +/+ counterparts (Fig. 4b) , and they demonstrated a failure of ASC oligomerization as well (Fig. 4c) . The abundance of acetylated α-tubulin, a regulator of NLRP3-ASC binding 4 , was similar in Nek7 +/+ , Nek7 Cu/Cu and Nek7 −/− macrophages ( Fig. 4d,e ). Mutant macrophages also secreted reduced amounts of mature IL-1β and active caspase-1 (p10 subunit) relative to those secreted by Nek7 +/+ macrophages (Fig. 4a) . These findings indicated that NEK7 was dispensable for the induction of core inflammasome components but npg A r t i c l e s was necessary for subsequent formation of the NLRP3-ASC complex and activation of caspase-1.
NEK7 binding to NLRP3 promotes inflammasome assembly
In unstimulated cells, NLRP3 homo-oligomerizes to form inactive preassembled complexes, which undergo conformational changes to form active inflammasome complexes containing ASC upon stimulation 22 . Consistent with that, we found NLRP3 in complexes ranging from approximately 125 kilodaltons to 1,000 kilodaltons in size in the mouse macrophage cell line RAW264.7, which lacks ASC expression 23 , after priming of cells with LPS, as assessed by gel-filtration chromatography of cell extracts (Fig. 5a) . Priming of the cells with LPS plus treatment with nigericin resulted in a shift of NLRP3 to fractions of greater molecular mass; the recruitment of NLRP3 to these fractions was blocked by siRNA-mediated knockdown of NEK7 (Fig. 5a) , which suggested that NLRP3 bound directly to NEK7 to form a complex upon stimulation of the inflammasome. Indeed, when co-expressed in HEK293T cells, NEK7 immunoprecipitated together with NLRP3 but not with NLRC4 or AIM2 (Fig. 5b) . The NEK7-NLRP3 interaction was mediated by an intact leucine-rich repeat (LRR) domain of NLRP3 (Fig. 5c,d) . Deletion of the amino-terminal 20 or 30 amino acids of NEK7 did not affect its binding to NLRP3 (Fig. 5e) ; deletions from the central or carboxy-terminal portion of NEK7 abrogated protein expression and these mutant NEK7 proteins could not be tested. We confirmed direct interaction via maltose-binding protein (MBP)-mediated precipitation of purified recombinant MBP-NEK7 and NLRP3 (Supplementary Fig. 4a ). ASC did not interact directly with MBP-NEK7 but was recruited to the NEK7-NLRP3 complex (Supplementary Fig. 4b) .
In LPS-primed macrophages, the interaction between endogenous NEK7 and NLRP3 was substantially enhanced by stimulation with nigericin or ATP (Fig. 5f) . Moreover, gel-filtration chromatography of extracts of macrophages primed with LPS and treated with nigericin demonstrated co-elution of NEK7, NLRP3 and ASC and a shift to fractions of greater molecular mass, results not observed for extracts of LPS-primed macrophages (Fig. 5g) . The NEK7-NLRP3 interaction was partially dependent on microtubule polymerization (Supplementary Fig. 5a ). However, ciliobrevin D, an inhibitor of dynein that prevents formation of the NLRP3-ASC complex at the perinuclear region 4 , had no effect on the NEK7-NLRP3 interaction (Supplementary Fig. 5a ). The NEK7-NLRP3 interaction was also dependent on ROS-induced phosphorylation of NEK7. Treatment of J774A.1 cell lysates with the nonspecific phosphatase CIP (Supplementary Fig. 5b ) or the ROS scavenger N-acetylcysteine (Supplementary Fig. 5c ) diminished both the phosphorylation of NEK7 and the interaction between NEK7 and NLRP3. The production of IL-1β by J774A.1 cells in response to priming with LPS plus stimulation with ATP was diminished in a dose-dependent way by treatment with N-acetylcysteine (Supplementary Fig. 5d ).
Mutant NLRP3 proteins containing the substitution G755A or G755R in the LRR domain, each of which is associated with neonatal onset multisystem inflammatory disease [24] [25] [26] , showed greater binding to NEK7 than did wild-type NLRP3 in HEK293T cells (Fig. 5h) . Conversely, a hypomorphic NLRP3 missense mutant (D946G) that failed to support the secretion of IL-1β by LPS-primed macrophages treated with nigericin showed less binding to NEK7 than did wild-type NLRP3 (Fig. 5i,j) . Together these data suggested that inflammasome assembly required the physical association of phosphorylated NEK7 with NLRP3.
NEK7 kinase activity is dispensable for NLRP3 activation
We reconstituted HEK293T cells with functional NLRP3 inflammasomes and showed that overexpression of either wild-type NEK7 or kinaseinactive NEK7 (with the K64M substitution) 8 (Supplementary Fig. 4c ) enhanced secretion of mature IL-1β into the culture medium ( Fig. 6a) . Wild-type NEK7 and NEK7(K64M) immunoprecipitated together with similar amounts of NLRP3 in lysates of HEK293T cells (Fig. 6b) , and we also observed a direct interaction between recombinant MBP-NEK7(K64M) and NLRP3 ( Supplementary  Fig. 4a ). Moreover, both NEK7 and NEK7(K64M) promoted recruitment of NLRP3 into protein complexes of large molecular mass without changing total NLRP3 expression substantially (Fig. 6c) . Finally, when introduced by electroporation into Nek7 Cu/Cu macrophages, both wild-type NEK7 and NEK7(K64M) restored the secretion of IL-1β in response to priming with LPS plus treatment with nigericin or ATP (Fig. 6d) .
We found that NEK6, a related member of the NEK family that is 87% identical to NEK7 in its kinase domain 27 , failed to bind NLRP3 (Supplementary Fig. 6a ). It was also not required for macrophage production of IL-1β in response to activators of NLRP3, NLRC4 or AIM2 inflammasomes (Supplementary Fig. 6b,c) . These results indicated that the kinase activity of NEK7 was nonessential for activation of the NLRP3 inflammasome.
Blockade of NLRP3 inflammasome activation in mitotic cells
Since NEK7 is required for both activation of the NLRP3 inflammasome and mitosis, we investigated the interaction between NEK7 and NLRP3 during mitosis versus interphase of the cell cycle. Endogenous NEK7 and NLRP3 immunoprecipitated together from both mitotic and interphase J774A.1 cells, with a greater amount of NLRP3 bound to NEK7 during interphase than during mitosis (Fig. 7a) . In cells in interphase, priming with LPS plus stimulation with nigericin increased the amount of NLRP3 interacting with NEK7 relative to that in their unstimulated counterparts, but it did not have this effect on mitotic cells (Fig. 7a) . Moreover, stimulated cells in interphase displayed more activation of caspase-1 than that of cells in mitosis (Fig. 7b) . 25% of stimulated cells in interphase expressed activated caspase-1, compared with only 2% of stimulated mitotic cells (Fig. 7b) . Consistent with those data, J774A.1 cells synchronized by chemical arrest at the G2-M phase 'border' 28 and released to synchronously enter mitosis (Fig. 7c, left) exhibited diminished NLRP3-NEK7 interaction compared with that of their unsynchronized counterparts (Fig. 7c, right) and produced less IL-1β in response to treatment with LPS plus nigericin than did their unsynchronized counterparts npg A r t i c l e s ( Fig. 7d) , which contained approximately 2% mitotic cells (Fig. 7c,  left) . Although they did not maximally display the mitosis marker phosphorylated histone H3 (Fig. 7c, left) , cells treated continuously with the cell-arrest agent RO-3306 acted like mitotic cells in their formation of the NEK7-NLRP3 complex (Fig. 7c, right) and production of IL-1β ( Fig. 7d) , presumably because they were held in a state in which all cellular proteins were poised in their mitotic positions. Similarly, compared with the NLRP3-NEK7 interaction in unsynchronized HEK293T cells overexpressing NEK7 and NLRP3, those synchronized in G2-M phase exhibited diminished NLRP3-NEK7 interaction upon release to mitosis, which recovered when the cells later entered the G1 phase (Supplementary Fig. 7a ).
Together the data reported above indicated that cells in interphase had a greater basal quantity of the NEK7-NLRP3 complex than did mitotic cells and that stimulation of the inflammasome increased the amount of NLRP3 bound to NEK7 and the amount of activated caspase-1 specifically in cells in interphase, which resulted in more production of IL-1β by cells in interphase than by mitotic cells. We also found that overexpression of NEK7 in J774A.1 cells enhanced NEK7-NLRP3 binding in mitotic cells primed with LPS and stimulated with nigericin compared with that of mitotic cells primed with LPS and stimulated with nigericin but lacking NEK7 overexpression (Fig. 7a) . In addition, the production of IL-1β by mitotic J774A.1 cells was enhanced by overexpression of NEK7 or NEK7(K64M) (Fig. 7e) . Our findings suggested that a limiting amount of cellular NEK7 might be available for either mitosis or inflammasome activation, but not both simultaneously.
We investigated whether component(s) of mitotic cell extracts activated the NLRP3 inflammasome in a NEK7-dependent manner. We found that the production of IL-1β induced by extracts of mitotic cells was similar for LPS-primed Nek7 −/− macrophages and their Nek7 +/+ counterparts and was dependent on the AIM2 inflammasome ( Supplementary Fig. 7b and data not shown). Thus, the function of NEK7 in inhibiting simultaneous mitosis and inflammasome activation is probably not the prevention of aberrant activation of the inflammasome induced by nuclear activators exposed during breakdown of the nuclear membrane in mitosis.
DISCUSSION
NEK7, a member of the NIMA ('never in mitosis gene a')-related serine-threonine kinase family, has been linked to mitotic progression downstream of NEK9 (refs. [5] [6] [7] [8] [9] . Depletion of NEK7 by RNA-mediated interference arrests cells in mitosis and induces apoptosis; these defects stem from impaired formation of mitotic spindles that might be secondary to deficiencies in microtubule organization 7, 8, 10 . If allowed to progress past the spindle-assembly checkpoint, cells depleted of NEK7 then arrest in cytokinesis 8, 10, 11 . Mouse embryonic fibroblasts derived from homozygous NEK7-null embryos display aneuploidy, polyploidy and a greater frequency of binuclear cells, which IgG  IP:  100  30   **   1,000  800  600  400  200  0  1,000  800  600  400  200  0  800  600  400  200  0  800  600  400  200  0  800  600  400 confirms the proposal of a role for NEK7 in mitosis and cytokinesis 11 . Our findings that only 18.8% of the expected number of Nek7 Cu/Cu offspring were born from heterozygous crosses and that these mice displayed infertility, an abnormal gait and slight paralysis of the limbs support the proposal of an important but redundant role for NEK7 in mitosis. Here we established that NEK7, by direct interaction with NLRP3, was also a component of the NLRP3 inflammasome that contributed to its assembly in macrophages in response to priming with LPS and stimulation with nigericin, ATP or alum. The observation that the binding of NEK7 to NLRP3 required ROS, a mediator of various activators of NLRP3 (ref. 29) , supported the proposal of a broad role for NEK7 in NLRP3 inflammasome activation. Our findings suggested non-redundant functions for NEK7 in activation of the NLRP3 inflammasome and mitosis that could not occur simultaneously. In support of that hypothesis, activation of caspase-1 and production of IL-1β induced by LPS plus nigericin were robust during interphase but were much lower during mitosis, and overexpression of NEK7 partially restored the production of IL-1β by mitotic cells. That last point, and the finding that priming with LPS plus stimulation with nigericin failed to increase the endogenous NEK7-NLRP3 interaction in mitotic cells, suggested that cellular amounts of NEK7 were limiting in the 'choice' between mitosis and inflammasome activation. The cellular importance of precluding activation of the NLRP3 inflammasome during mitosis is unknown. We hypothesized that this regulation might prevent aberrant activation of the NLRP3 inflammasome by putative nuclear activators exposed to the cytosol upon breakdown of the nuclear envelope during mitosis. However, extracts of mitotic cells induced similar production of IL-1β by LPS-primed Nek7 −/− macrophages and their Nek7 +/+ counterparts, which was dependent on the AIM2 inflammasome; this suggested that NLRP3 was not activated by nuclear components exposed during mitosis.
During mitosis, the nuclear membrane dismantles, vesicle trafficking halts, Golgi and endoplasmic reticulum membranes reorganize, actin and microtubule cytoskeletons undergo restructuring, chromosomes condense, and transcription and translation slow or stop 30 . These cellular changes might prohibit an NLRP3-dependent inflammatory response, which requires microtubule polymerization 4 , localization of NLRP3 and ASC at the perinuclear region 2,3 , secretion of IL-1β and IL-18 (ref. 31) , and the induction of IL-1β-and IL-18-dependent transcriptional programs. IL-1β is known to induce the production of H 2 O 2 and oxygen radicals capable of damaging DNA 32, 33 , which is not readily repaired during mitosis 34 . The phagocytic response also involves the generation of abundant ROS during the respiratory burst. Thus, dependence on NEK7 might have evolved as one of several proximal switches to avoid a futile or potentially damaging inflammatory response during cell division. In principle, if NEK7 is a switch between mitosis and the NLRP3 inflammasome response, the converse situation in which mitosis cannot be initiated in cells with activated NLRP3 inflammasomes should be true, possibly for similar reasons, but this has not been formally tested.
NEK7 bound directly to NLRP3, an interaction dependent on the LRR domain of NLRP3 and required for inflammasome assembly. Notably, several mutations encoding substitutions within the LRR domain of NLRP3 have been linked to neonatal onset multisystem inflammatory disease [24] [25] [26] . Our findings would suggest that the aberrant activation of NLRP3 inflammasomes in myeloid cells of patients with such mutations might stem from an increased association between NLRP3 and NEK7. Targeting this interaction might represent an alternative to neutralization of IL-1β for the treatment of NLRP3-mediated autoinflammatory diseases.
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